Background. Coronavirus infectious disease
2019 (COVID-19) has spread rapidly around

the world and has been declared a pandemic

by World Health Organization. Neurological
manifestations are being reported in patients
with COVID-19 but clinical guidelines and
effective treatments remain unclear. Objective:
In this brief review, the authors examine the
latest available evidence to date regarding

the neurological implications of COVID-19

and how the novel coronavirus might possibly
impact patients with pre-existing neurological
conditions. COVID-19-specific recommendations
from the American Academy of Neurology

and and other neurologic disease-specific
organizations are summarized. Results: Current
retrospective case series and cohort studies from
Wuhan, China, are indicating that almost one-
third of the patients with COVID-19 have shown
neurological manifestations; older age and
comorhid conditions are associated worsened
outcomes. Abnormal laboratory findings

are being reported in acute cases of patients
with COVID-19. Summary: Understanding

the spectrum of neurological manifestations

of COVID-19 and the impact of COVID-19 on
patients with underlying neurological conditions
might help to improve outcomes.
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Coronaviruses (CoVs) are large, enveloped
nonpigmented positive-sense ribonucleic
acid (RNA) viruses that typically manifest
symptomatically in the gastrointestinal tracts
and respiratory systems of mammals.” A novel
CoV—severe acute respiratory syndrome (SARS)
coronavirus-2 (SARS-CoV-2)—was discovered
in Wuhan, China, during a severe pneumonia
outbreak that occurred on a national level.
This novel virus, publicly labeled "coronavirus
infectious disease-2019" or "COVID-19," has
spread quickly around the world, leading the
World Health Organization (WHO) to declare
it a global pandemic.2 Manifestations of the
SARS-CoV-2 virus can vary from individual
to individual, ranging from showing no
symptoms at all to presenting with mild upper
respiratory tract illness to presenting with severe
pneumonia, respiratory failure, and ultimately
death.” More recently, scientists have noted
neurological manifestations of this novel virus
and are attempting to better understand its
effects on the central nervous system (CNS) and
the link between neurological complications and
acute respiratory distress in infected individuals.'

NEUROTROPISM OF SARS-COV-2
SARS-CoV-2 has a similar viral structure to

other CoVs and shares a common pathway

of infection." Previous strains of CoV showed

evidence of neurotropism.* SARS-CoV-2 enters

the host cells via a cellular receptor angiotensin-

converting enzyme 2 (ACE2), which is present

in human airway epithelia, lung parenchyma,

vascular endothelia, kidney cells, and small
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intestine cells.’ The brain also expresses ACE2
receptors over glial cells and neurons, making

it a potential target for SARS-CoV-2.° This

virus has a 10- to 20-fold higher ACE2 binding
affinity than other strains of SARS-CoV,° and can
travel through the host, reaching the CNS, via
the circulatory system in early and late phases
of the infection, as seen with past strains of
SARS-CoV. This could be a potential basis for
neuronal damage, an endothelial rupture in
cerebral capillaries, and bleeding within the
brain, resulting in death for some patients
infected with COVID-19.° Some researchers
theorize that CoVs will first invade peripheral
nerve terminals and then travel through the
synapses to enter the CNS.* Using experimental
studies in transgenic mice, researchers reported
involvement of neuroanatomic interconnections
that caused dysfunction of the cardiorespiratory
center in the brainstem, suggesting that
infection in the CNS was strongly related

to a higher mortality rates in patients with
COVID-19." Multiorgan failure with widespread
homeostatic dysrequlation might be one cause
for fatality in patients with COVID-19.° However,
predominant CNS involvement and subsequent
brainstem damage-induced respiratory distress
could also be a cause for fatality in these
patients.’

RECENT DATA FROM WUHAN, CHINA,
REGARDING FATALITY RISK FACTORS IN
ACUTE ADULT PATIENTS WITH COVID-19
A retrospective, single-center case series
from Wuhan, China, by Wang et al® concluded
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that acute COVID-19 cases (in ICU) were
significantly older in age (median age, 66 years)
and had pre-existing comorbidities, including
hypertension, diabetes, cardiovascular disease,
and cerebrovascular disease. This suggests that
pre-existing comorbidities increase the risk of
worsened outcomes. Patients with the virus
who were in ICU had number of laboratory
abnormalities (depressed total lymphocytes,
prolonged prothrombin time, and elevated
lactate dehydrogenase), suggesting that cellular
immune deficiency, coagulation activation,
myocardial injury, hepatic injury, and kidney
injury are all affected by SARS-CoV-2. These
laboratory abnormalities are similar to those
previously observed in patients with MERS-CoV
and SARS-CoV infection.?

Another recent, retrospective cohort study
from Wuhan, China, by Zhou® et al reported
higher mortality rates in patients with SARS-
(0V-2 who were older in age, had D-dimer
levels greater than 1g/mL, and had higher
Sequential Organ Failure Assessment (SOFA)
scores. Laboratory results from acute cases of
SARS-COV-2 showed elevated serum levels
interleukin (IL)-6, high-sensitivity cardiac
troponin |, and lactate dehydrogenase and
lymphopenia.?

RECENT DATA FROM WUHAN,
CHINA, REGARDING NEUROLOGICAL
SYMPTOMS IN ACUTE ADULT PATIENTS
WITH COVID-19

A recent retrospective analysis by Mao’
et al on hospitalized patients with COVID-19
reported almost one-third of the patients
exhibited neurologic symptoms, which were
classified as CNS symptoms or diseases (e.g.,
headache, dizziness, impaired consciousness,
ataxia, acute cerebrovascular disease, epilepsy),
peripheral nervous system (PNS) symptoms
(e.g., hypogeusia, hyposmia, hypopsia, and
neuralgia), and musculoskeletal symptoms.
Patients with severe cases of COVID-19 had a
higher rate of acute cerebrovascular diseases,
consciousness impairment, and musculoskeletal
symptoms compared to less severe cases.
Headache and dizziness were the most common
complaints in patients with CNS symptoms.
Hypogeusia and hyposmia were the most
common complaints in patients with PNS
symptoms. The investigators also reported
lower lymphocyte counts and higher D-dimer
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levels in patients with COVID-19 who exhibited
neurologic symptoms.

EVOLVING DATA

In a retrospective, observational case study
by Li et al, " investigators reported neurologic
events in the form of acute ischemic stroke (5%),
cerebral venous sinus thrombosis (0.5%), and
cerebral hemorrhage (0.5%) in patients with
(OVID-19." Headaches, dizziness, and confusion
were reported in other retrospective case studies
from Wuhan, China."™™ A few additional small
case reports and series have reported Guillain-
Barre Syndrome, * hemorrhagic necrotizing
encephalopathy,’ and seizures in acute cases of
COVID-19.7

ARE PATIENTS WITH UNDERLYING
NEUROLOGICAL CONDITIONS AT HIGHER
RISK OF MORE SEVERE COMPLICATIONS
RELATED TO COVID-19?

Given the available data and observations,
neurologists should be aware of the potential
risk for more severe complications related to
coronavirus in their patients. Patients with
certain neurologic conditions are potentially
at greater risk of becoming infected with
(OVID-19 developing more severe symptoms
if they are older in age and have pre-existing
comorbidities, such as diabetes, cardiovascular
disease, lung disease, and weakened immune
system.

COVID-19 RECOMMENDATIONS FOR
PATIENTS WITH NEUROLOGICAL
DISORDERS

We reviewed neurologic disease-specific
organization websites for COVID-19-related
recommendations and provide the following
summarized guidelines from these sites:

The National Medical Advisory
Committee of the National MS Society has
advised MS patients to continue their disease-
modifying therapies (DMTs) and to not change
or stop the treatments without discussing risks
with their physicians.’

Muscular Dystrophy Association has
urged the patients with neuromuscular disease
to seek prompt medical attention if they are
exposed to a person with COVID-19 that develop
any symptoms consistent with COVID-19."

American Parkinson Disease Association
reports that there is no evidence that having

Parkinson’s disease (PD) suppresses the immune
system or increases susceptibility to being
infected with the virus. However, someone with
PD who contracts COVID-19 could experience

an exacerbation of their motor and nonmotor
symptoms.”

The Alzheimer's Association, dementia
does not increase the risk for contracting
(OVID-19; however, dementia-related
behaviors, older age, and presence of pre-
existing comorbidities might increase risk
of experiencing more severe health-related
complications due to COVID-19 illness.”

The Epilepsy Foundation advised that
epilepsy alone does not increase the risk
becoming infected with COVID-19 and does not
increase the severity of COVID-19. They note,
however, that having pre-existing comorbidities
increases the risk for experiencing COVID-19-
related health complications.”2

The Guillain-Barre Syndrome (GBS)/
Chronic Inflammatory Demyelinating
Polyneuropathy (CIDP) Foundation
International advised that having GBS, CIDP or
variants does not increase the risk of contracting
(OVID-19, but individuals who are treated with
chronicimmunosuppressive drugs (e.g., steroids,
rituximab, cyclophosphamide, azathioprine)
might have compromised immune systems
with risk of increased susceptibility to any
infection.”

American Migraine Foundation reports
that people with migraine who are otherwise
in good health are not at higher risk of getting
infected with SARS-COV-2 /COVID-19.2

American Academy of Neurology's
journal, Neurology Today, provides the following
recommendations: 1) Patients with minor
ilinesses should reschedule their appointments
and consider opting for “telehealth visits;"

2) Reduced the number of people during

an essential in-person visits; 3) Reschedule
nonurgent visits and diagnostic testing and;

4) Physicians should disinfect their tools and
equipment and use personal protective gear as
appropriate.”?

The United States (US) Centers for
Disease Control and Prevention (CD()
recommends that everyone 1) avoid close
contact with people who are sick; 2) avoid
touching your eyes, nose, and mouth; 3) stay
home when you are sick; 4) cover your cough
or sneeze with a tissue, then throw the tissue



in the trash; 5) clean and disinfect frequently
touched objects and surfaces using a reqular
household cleaning spray or wipes; 6) use
facemasks when out in public; and 7) wash your
hands often with soap and water for at least 20
seconds.”®

CLINICAL AND RESEARCH
CONSIDERATIONS

Information regarding COVID-19 is constantly
evolving and new data are being released
constantly. We have reviewed the most recent
data available at the writing of the article
(27 Apr 2020). To date, data are indicating an
association between neurological symptoms and
more severe COVID-19-related complications.
Clinicians should be particular mindful of
patients who present with neurological
symptoms and should consider testing these
patients for COVID-19. A better understanding
of the potential neurotropic complications
related to the SARS-CoV-2 virus will help us 1)
create a staging system; 2) design treatment
algorithms based on the severity of the disease
and dominant organ involvement; and 3)
triage patients for aggressive or conventional
treatment modalities."

There are currently no antiviral drugs
approved by the US Food and Drug
Administration (FDA) to treat COVID-19.% A
randomized, placebo-controlled, clinical trial
of remdesivir for treatment of hospitalized
patients with COVID-19-related respiratory
disease has been implemented in China.*® A
randomized, open-label trial of combination
lopinavir-ritonavir treatment is also being
conducted in patients with COVID-19 in China.*®
The differences in the sequence of spike proteins
between SARS-CoV-2 virus and SARS-CoV
might enable scientists to develop monoclonal
antibodies against this novel virus.'
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